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АА

3UREDELOLVWLF�SURJUDPPLQJ�H;HFXWLRQ�SURWRFRO

ССС

ССС6LPXODWRU
�6+(53$��*($17�
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6LPXODWRU�H[HFXWLRQ

7UDFH�UHFRUGLQJ�DQG�FRQWURO
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АЕ

ȉHWDOXPLVȊ�
��VLPXODWH

%D\GLQ�HW�DO��ȉ(WDOXPLV��%ULQJLQJ�3UREDELOLVWLF�3URJUDPPLQJ�WR�6FLHQWLΈF�6LPXODWRUV�DW�6FDOHȊ�6&��

Ɣ $W�&(51��YDVW�TXDQWLWLHV�RI�H[SHULPHQWDO�GDWD��SHWDE\WHV���GD\��SURGXFHG�DQG�
FRPSDUHG�WR�GHWDLOHG�VLPXODWLRQV�YLD�KLVWRJUDPV�RI�VXPPDU\�VWDWLVWLFV
ż ELOOLRQV�RI�&38�KRXUV��ODERU�LQWHQVLYH��VRPHWLPHV�DG�KRF

Ɣ $LP��UHSODFH�ZLWK�DXWRPDWHG�SUREDELOLVWLF�LQIHUHQFH��JURXQGHG�LQ�D�VWDWLVWLFDO�IUDPHZRUN

3K\VLFV

6LPXODWLRQ

5HDO�GDWD

6LPXODWHG�GDWD
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Ɣ 6XSHUFRPSXWLQJ�VFDOH�SUREDELOLVWLF�SURJUDPLQJ�
a��������ODWHQW�YDULDEOHV���������&38�FRUHV

Ɣ 6KHUSD��D�VWDWH�RI�WKH�DUW�VLPXODWRU�RI�WKH�
6WDQGDUG�0RGHO�RI�SDUWLFOH�SK\VLFV��a�0�OLQHV�RI�&��

Ɣ $QDO\]LQJ�WDX�OHSWRQ�GHFD\
�D�NH\�LQJUHGLHQW�LQ�GHVFULELQJ�WKH�+LJJV�ERVRQ�

Ɣ /DUJHVW�VFDOH�3\7RUFK�03,�����N�PLQLEDWFK�VL]H�
Ɣ )LUVW�WUDFWDEOH�%D\HVLDQ�LQIHUHQFH�IRU�/+&�SK\VLFV�

БЍ

ȉHWDOXPLVȊ�
��VLPXODWH

&RUL�VXSHUFRPSXWHU��/DZUHQFH�%HUNHOH\�/DE
������+DVZHOO�QRGHV�����FRUHV�SHU�QRGH�
������.1/�QRGHV�����FRUHV�SHU�QRGH�

%D\GLQ�HW�DO��ȉ(WDOXPLV��%ULQJLQJ�3UREDELOLVWLF�3URJUDPPLQJ�WR�6FLHQWLΈF�6LPXODWRUV�DW�6FDOHȊ�6&��

%HVW�3DSHU�)LQDOLVW�DW�6&����VXSHUFRPSXWLQJ�
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�ƀŚþãþıŇıƈƔıÿ͓ƈƜƀƀŚĥãƔČ͓ŏŚĆČŇƈ



�ƀŚþãþıŇıƈƔıÿ͓ƈƜƀƀŚĥãƔČ͓őČƔƴŚƀńƈ
&DQ�ZH�UHSODFH�WKH�VLPXODWRU�HQWLUHO\�ZLWK�D�VXUURJDWH�PRGHO�ZLWK�WKH�VDPH�
DGGUHVV�VWUXFWXUH"

ВЍ

0XQN��=ZDUWVHQEHUJ��ěFLELRU��%D\GLQ��6WHZDUW��)HUQOXQG��3RXUVDUWLS��:RRG��������ȉ3UREDELOLVWLF�6XUURJDWH�1HWZRUNV�IRU�6LPXODWRUV�ZLWK�8QERXQGHG�
5DQGRPQHVVȊ�,Q���WK�&RQIHUHQFH�RQ�8QFHUWDLQW\�LQ�$UWLΈFLDO�,QWHOOLJHQFH�8$,�����

+3

+4

+5

� ��4�
�#�)) '

� % �/$*)�
.�(+'$)"

� % �/$*)�
.�(+'$)"

��'*-$( / -



�ƀŚþãþıŇıƈƔıÿ͓ƈƜƀƀŚĥãƔČ͓őČƔƴŚƀńƈ
'HPRQVWUDWHG�ZLWK�D�VLPXODWLRQ�RI�FRPSRVLWH�
PDWHULDO�KHDWLQJ�F\FOHV

ВЎ

0XQN��=ZDUWVHQEHUJ��ěFLELRU��%D\GLQ��6WHZDUW��)HUQOXQG��3RXUVDUWLS��:RRG��������ȉ3UREDELOLVWLF�6XUURJDWH�1HWZRUNV�IRU�6LPXODWRUV�ZLWK�8QERXQGHG�
5DQGRPQHVVȊ�,Q���WK�&RQIHUHQFH�RQ�8QFHUWDLQW\�LQ�$UWLΈFLDO�,QWHOOLJHQFH�8$,�����



0XQN��=ZDUWVHQEHUJ��ěFLELRU��
%D\GLQ��6WHZDUW��)HUQOXQG��
3RXUVDUWLS��:RRG��������
ȉ3UREDELOLVWLF�6XUURJDWH�
1HWZRUNV�IRU�6LPXODWRUV�ZLWK�
8QERXQGHG�5DQGRPQHVVȊ�,Q�
��WK�&RQIHUHQFH�RQ�8QFHUWDLQW\�
LQ�$UWLΈFLDO�,QWHOOLJHQFH�8$,�����
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2WKHU�VLPXODWRUV�DV�SUREDELOLVWLF�SURJUDPV



'L·HUHQWLDEOH�SURJUDPPLQJ
DQG�VLPXODWRUV



ВД

:KDW�LV�GL·HUHQWLDEOH�SURJUDPPLQJ"
'HHS�OHDUQLQJ�LV�EHKLQG�PDQ\�UHFHQW�DGYDQFHV�LQ�PDFKLQH�OHDUQLQJ
 �QRQOLQHDU�GL·HUHQWLDEOH�IXQFWLRQV��SURJUDPV��
ZKRVH�SDUDPHWHUV�DUH�WXQHG�E\�JUDGLHQW�EDVHG�RSWLPL]DWLRQ

�5XGHU��������KWWS���UXGHU�LR�RSWLPL]LQJ�JUDGLHQW�GHVFHQW��

http://ruder.io/optimizing-gradient-descent/


ВЕ

:KDW�LV�GL·HUHQWLDEOH�SURJUDPPLQJ"
'HHS�OHDUQLQJ�LV�EHKLQG�PDQ\�UHFHQW�DGYDQFHV�LQ�PDFKLQH�OHDUQLQJ
 �QRQOLQHDU�GL·HUHQWLDEOH�IXQFWLRQV��SURJUDPV��
ZKRVH�SDUDPHWHUV�DUH�WXQHG�E\�JUDGLHQW�EDVHG�RSWLPL]DWLRQ

'HULYDWLYHV�FRPH�IURP�UXQQLQJ�WKH�FRGH�YLD�DXWRPDWLF�GL·HUHQWLDWLRQ�
�PDLQO\�EDFNSURSDJDWLRQ���UHYHUVH�PRGH�

DXWRPDWLF�
GL·HUHQWLDWLRQ

�5XGHU��������KWWS���UXGHU�LR�RSWLPL]LQJ�JUDGLHQW�GHVFHQW��

http://ruder.io/optimizing-gradient-descent/


ВЖ

'L·HUHQWLDEOH�SURJUDPPLQJ
'L·HUHQWLDEOH�SURJUDPPLQJ�LV�D�JHQHUDOL]DWLRQ�RI�GHHS�OHDUQLQJ

Ɣ :ULWH�SURJUDPV�FRPSRVHG�RI�GL·HUHQWLDEOH�DQG�SDUDPHWHUL]HG�EXLOGLQJ�
EORFNV�H[HFXWHG�YLD�DXWRPDWLF�GL·HUHQWLDWLRQ�

Ɣ 2SWLPL]H�SDUDPHWHUV�LQ�RUGHU�WR�SHUIRUP�D�VSHFLΈHG�WDVN��EDVHG�RQ�GDWD

$QGUHM�.DUSDWK\�������
ȉ6RIWZDUH����Ȋ
KWWSV���NDUSDWK\�PHGLXP�FRP�VRIWZDUH�����D��
���E��F���

������

https://karpathy.medium.com/software-2-0-a64152b37c35
https://karpathy.medium.com/software-2-0-a64152b37c35


ГЍ

'L·HUHQWLDEOH�SURJUDPPLQJ
'L·HUHQWLDEOH�SURJUDPPLQJ�LV�D�JHQHUDOL]DWLRQ�RI�GHHS�OHDUQLQJ

Ɣ :ULWH�SURJUDPV�FRPSRVHG�RI�GL·HUHQWLDEOH�DQG�SDUDPHWHUL]HG�EXLOGLQJ�
EORFNV�H[HFXWHG�YLD�DXWRPDWLF�GL·HUHQWLDWLRQ�

Ɣ 2SWLPL]H�SDUDPHWHUV�LQ�RUGHU�WR�SHUIRUP�D�VSHFLΈHG�WDVN��EDVHG�RQ�GDWD

�1HXUDO�QHWZRUNV�DUH�MXVW�D�VLPSOH�FODVV�RI�GL·HUHQWLDEOH�IXQFWLRQV�

$QGUHM�.DUSDWK\�������
ȉ6RIWZDUH����Ȋ
KWWSV���NDUSDWK\�PHGLXP�FRP�VRIWZDUH�����D��
���E��F���

������

https://karpathy.medium.com/software-2-0-a64152b37c35
https://karpathy.medium.com/software-2-0-a64152b37c35


ГЎ

6LPXODWRUV�DQG�GL·HUHQWLDELOLW\

Ɣ 6LPXODWRU�FRGH�LV�QRW�GL·HUHQWLDEOH
��8VH�VXUURJDWHV��GL·HUHQWLDEOH�DSSUR[LPDWLRQ�OHDUQHG�IURP�GDWD�

Ɣ 6LPXODWRU�FRGH�LV�GL·HUHQWLDEOH�
�EXW�KDV�QRW�EHHQ�XVHG�LQ�D�GL·HUHQWLDEOH�ZD\�VR�IDU�
��8VH�DXWRPDWLF�GL·HUHQWLDWLRQ�LI�IHDVLEOH



ГЏ

6LPXODWRUV�DQG�GL·HUHQWLDELOLW\

,QSXWV 2XWSXWV

6LPXODWRU��PRGHO��RI�WKH�V\VWHP

3DUDPHWHUV

2SWLPDO�
SDUDPHWHUV

2EMHFWLYH 6LPXODWRU



&DQ�EH�HΊFLHQWO\�IRXQG�E\�JUDGLHQW�EDVHG�RSWLPL]DWLRQ�LI���������������LV�DYDLODEOH

ГА

6LPXODWRUV�DQG�GL·HUHQWLDELOLW\

,QSXWV 2XWSXWV

6LPXODWRU��PRGHO��RI�WKH�V\VWHP

3DUDPHWHUV



ГБ

1RQ�GL·HUHQWLDEOH�VLPXODWRU

,QSXWV 2XWSXWV

1RQ�GL·HUHQWLDEOH�VLPXODWRU��PRGHO�

3DUDPHWHUV

Ɣ 5XQ�VLPXODWRU�PDQ\�WLPHV
Ɣ *HQHUDWH�D��ODUJH��GDWDVHW�RI�LQSXW���RXWSXW�SDLUV�FDSWXULQJ�VLPXODWRUȆV�EHKDYLRU



ГВ

1RQ�GL·HUHQWLDEOH�VLPXODWRU

,QSXWV 2XWSXWV

'L·HUHQWLDEOH�VXUURJDWH�ZLWK�

3DUDPHWHUV

Ɣ 8VH�WKH�GDWDVHW�WR�OHDUQ�D�VXUURJDWH��GL·HUHQWLDEOH�DSSUR[LPDWLRQ��
RI�WKH�VLPXODWRU�
�H�J���D�GHHS�JHQHUDWLYH�PRGHO�



ГГ

([DPSOH��ORFDO�JHQHUDWLYH�VXUURJDWHV

6KLURERNRY��%HODYLQ��.DJDQ��8VW\X]KDQLQ��%D\GLQ�Ȇ%ODFN�%R[�2SWLPL]DWLRQ�ZLWK�/RFDO�*HQHUDWLYH�6XUURJDWHVȇ�1HXU,36�����

Ɣ 'HHS�JHQHUDWLYH�VXUURJDWHV��*$1��WUDLQHG�LQ�VXFFHVVLYH�
ORFDO�QHLJKERUKRRGV

Ɣ 2SWLPL]H�6+L3�PXRQ�VKLHOG��*($17���)DLU5RRW���PLQLPL]H�
QXPEHU�RI�UHFRUGHG�PXRQV�E\�YDU\LQJ�PDJQHW�JHRPHWU\



ГД

([DPSOH��H[RSODQHW�UDGLDWLYH�WUDQVIHU

+LPHV���+DUULQJWRQ��&REE��%D\GLQ��6RERF]HQVNL��2ȃ%HLUQH��=RU]DQ��:ULJKW��6FKHΒHU��'RPDJDO�*ROGPDQ��$UQH\��������Ȇ$FFXUDWH�0DFKLQH�/HDUQLQJ�$WPRVSKHULF�5HWULHYDO�YLD�D�
1HXUDO�1HWZRUN�6XUURJDWH�0RGHO�IRU�5DGLDWLYH�7UDQVIHUȇ�7KH�3ODQHWDU\�6FLHQFH�-RXUQDO��������$PHULFDQ�$VWURQRPLFDO�6RFLHW\�����Ǿ�����GRL���������36-�DEH�IG�

Ɣ 3RVWHULRU�GLVWULEXWLRQV�RI�JDV�FRQFHQWUDWLRQV�LQ�H[RSODQHW�
DWPRVSKHUHV��FRQGLWLRQHG�RQ�REVHUYHG�VSHFWUD��XVLQJ�UDGLDWLYH�
WUDQVIHU�VLPXODWRUV

Ɣ 6XUURJDWHV�DOORZ�XS�WR����[�IDVWHU�LQIHUHQFH



ГЕ

([DPSOH��VRODU�HQHUJHWLF�SDUWLFOHV

3RGXYDO��%D\GLQ��6FKZDGURQ��������Ȇ6WXG\LQJ�6RODU�(QHUJHWLF�3DUWLFOHV�DQG�7KHLU�6HHG�3RSXODWLRQ�8VLQJ�6XUURJDWH�
0RGHOVȇ�,Q�0DFKLQH�/HDUQLQJ�IRU�6SDFH�6FLHQFHV�:RUNVKRS����UG�&RPPLWWHH�RQ�6SDFH�5HVHDUFK��&263$5��6FLHQWLΓF�
$VVHPEO\��6\GQH\��$XVWUDOLD�

Ɣ 6RODU�HQHUJHWLF�SDUWLFOHV��6(3V��SRVH�VHULRXV�WKUHDWV�
WR�KXPDQV�LQ�GHHS�VSDFH�H[SORUDWLRQ�DQG�WR�WKH�
VFLHQWLΈF�LQVWUXPHQWV�RQERDUG�VSDFHFUDIW

Ɣ 'HYHORS�DQ�(35(0�VLPXODWRU�VXUURJDWH��a�ELOOLRQ�
WLPHV�IDVWHU��HQDEOLQJ�SRVWHULRU�LQIHUHQFH�RI�VHHG�
SDUWLFOH�SRSXODWLRQV�FRQGLWLRQHG�RQ�UHDO�VSDFH�
ZHDWKHU�HYHQWV

1$6$�3DUNHU�6RODU�3UREH



ГЖ

'L·HUHQWLDEOH�VLPXODWRU

,QSXWV 2XWSXWV

1RQ�GL·HUHQWLDEOH�VLPXODWRU��PRGHO�

3DUDPHWHUV



ДЍ

'L·HUHQWLDEOH�VLPXODWRU

,QSXWV 2XWSXWV

1RQ�GL·HUHQWLDEOH�VLPXODWRU��PRGHO�

3DUDPHWHUV

,QSXWV 2XWSXWV

'L·HUHQWLDEOH�VLPXODWRU�ZLWK�

3DUDPHWHUV

$XWRPDWLF�GL·HUHQWLDWLRQ�
�H�J���VRXUFH�WR�VRXUFH�WUDQVIRUPDWLRQ�



ДЎ

'L·HUHQWLDEOH�VLPXODWRU

)RUWK��6KDXQ�$���(YDQV��7UHYRU�3��$HURIRLO�2SWLPLVDWLRQ�YLD�$'�RI�D�0XOWLJULG�&HOO�9HUWH[�(XOHU�)ORZ�6ROYHU������

'DQLHOH�&DVDQRYD��5RELQ�6��6KDUS��0DUN�)LQDO��%UXFH�&KULVWLDQVRQ��3DW�6\PRQGV��ȉ$SSOLFDWLRQ�RI�$XWRPDWLF�'L·HUHQWLDWLRQ�WR�5DFH�&DU�3HUIRUPDQFH�
2SWLPLVDWLRQȊ�LQ�$XWRPDWLF�'L·HUHQWLDWLRQ�RI�$OJRULWKPV��)URP�6LPXODWLRQ�WR�2SWLPL]DWLRQ��6SULQJHU������

Ɣ 8VH�DXWRPDWLF�GL·HUHQWLDWLRQ�WRROV�WR�PDNH�WKH�VLPXODWRU�GLUHFWO\�GL·HUHQWLDEOH
Ɣ 8VHG�LQ�GHVLJQ�RSWLPL]DWLRQ�E\�WKH�$'�FRPPXQLW\�IRU�PDQ\�GHFDGHV



ДЏ

(QG�WR�HQG�GL·HUHQWLDEOH�SLSHOLQHV

0LOXWLQRYLF��%D\GLQ��=LQNRY��+DUYH\��6RQJ��:RRG��6KHQ��������ȉ(QG�WR�(QG�7UDLQLQJ�RI�'L·HUHQWLDEOH�3LSHOLQHV�$FURVV�0DFKLQH�/HDUQLQJ�
)UDPHZRUNV�Ȋ�1HXU,36������$XWRGL·�:RUNVKRS

Ɣ &RPSOH[�H[SHULPHQWDO�VHWXSV�FDQ�EH�FRPSRVHG�RI�D�SLSHOLQH�RI�D�VHULHV�RI�
GLVWLQFW�VLPXODWRUV��H�J���6+(53$��!�*($17�

Ɣ 2QH�PLJKW�QHHG�WR�GL·HUHQWLDWH�WKURXJK�WKH�ZKROH�HQG�WR�HQG�SLSHOLQH��ZKLFK�
FDQ�EH�DFKLHYHG�E\�FRPSRVLWLRQDOLW\�DQG�WKH�FKDLQ�UXOH

'$53$�'DWD�'ULYHQ�'LVFRYHU\�RI�
0RGHOV��'�0�
KWWSV���GDWDGULYHQGLVFRYHU\�RUJ��

https://datadrivendiscovery.org/


ДА

'L·HUHQWLDEOH�SURJUDPPLQJ�LQ�SDUWLFOH�SK\VLFV

%D\GLQ��&UDQPHU��)HLFNHUW��*UD\��+HLQULFK��+HOG��0HOR��1HXEDXHU��3HDUNHV��6LPSVRQ��6PLWK��6WDUN��7KDLV��9DVVLOHY��:DWWV��������
ȉ'L·HUHQWLDEOH�3URJUDPPLQJ�LQ�+LJK�(QHUJ\�3K\VLFV�Ȋ�,Q�6QRZPDVV������/HWWHUV�RI�,QWHUHVW��/2,���'LYLVLRQ�RI�3DUWLFOHV�DQG�)LHOGV��'3)���
$PHULFDQ�3K\VLFDO�6RFLHW\��KWWSV���VQRZPDVV���RUJ�ORL�

Ɣ 'L·HUHQWLDEOH�DQDO\VLV�SLSHOLQHV
8QLI\�DQDO\VLV�SLSHOLQH�E\�VLPXOWDQHRXVO\�
RSWLPL]LQJ�WKH�IUHH�SDUDPHWHUV�RI�DQ�DQDO\VLV�
ZLWK�UHVSHFW�WR�WKH�GHVLUHG�SK\VLFV�REMHFWLYH

Ɣ *UDGLHQW�EDVHG�LQIHUHQFH�
�SUREDELOLVWLF�SURJUDPPLQJ�
(QDEOH�HΊFLHQW�VLPXODWLRQ�EDVHG�LQIHUHQFH��
UHGXFLQJ�WKH�QXPEHU�RI�HYHQWV�QHHGHG�E\�
RUGHUV�RI�PDJQLWXGH



ДБ

(QG�WR�HQG�GL·HUHQWLDEOH�SLSHOLQHV

0LOXWLQRYLF��%D\GLQ��=LQNRY��+DUYH\��6RQJ��:RRG��6KHQ��������ȉ(QG�WR�(QG�7UDLQLQJ�RI�'L·HUHQWLDEOH�3LSHOLQHV�$FURVV�0DFKLQH�/HDUQLQJ�
)UDPHZRUNV�Ȋ�1HXU,36������$XWRGL·�:RUNVKRS

Ɣ &RPSOH[�H[SHULPHQWDO�VHWXSV�FDQ�EH�FRPSRVHG�RI�D�SLSHOLQH�RI�D�VHULHV�RI�
GLVWLQFW�VLPXODWRUV��H�J���6+(53$��!�*($17�

Ɣ 2QH�PLJKW�QHHG�WR�GL·HUHQWLDWH�WKURXJK�WKH�ZKROH�HQG�WR�HQG�SLSHOLQH��ZKLFK�
FDQ�EH�DFKLHYHG�E\�FRPSRVLWLRQDOLW\�DQG�WKH�FKDLQ�UXOH

'$53$�'DWD�'ULYHQ�'LVFRYHU\�RI�0RGHOV�
�'�0�
KWWSV���GDWDGULYHQGLVFRYHU\�RUJ��

https://datadrivendiscovery.org/


'L·6KDUS



ДГ

'L·6KDUS

Ɣ $Q�DXWRGL·�OLEUDU\�LQ�)�
Ɣ 6XSSRUWLQJ�DUELWUDU\�QHVWLQJ�RI�

IRUZDUG�UHYHUVH�$'
Ɣ D�KLJKHU�RUGHU�GL·HUHQWLDWLRQ�$3,�
Ɣ %DVHG�RQ�%DUDN�3HDUOPXWWHU�DQG�

-H·UH\�6LVNLQGȆV�IXQFWLRQDO�$'�ZRUN�
�H�J���5�56�$'�

KWWSV���GL·VKDUS�JLWKXE�LR��

https://diffsharp.github.io/


ДД

'L·6KDUS����
Ɣ 0DMRU�UHLPSOHPHQWDWLRQ�ZLWK�'RQ�6\PH�

�0LFURVRIW�*LW+XE�1H[W�
Ɣ ,QWURGXFH�WHQVRU�EDFNHQGV��GHIDXOW�EHLQJ�

OLEWRUFK��3\7RUFKȆV�FRUH�LQ�&�����&8'$�
Ɣ 8VHV�OLEWRUFK�WHQVRUV�ZLWKRXW�DXWRJUDG��

LPSOHPHQWV�LWV�RZQ�FRPSXWDWLRQ�JUDSK�
DQG�GL·HUHQWLDWLRQ�FRGH

Ɣ )��QRWHERRNV�LQ�-XS\WHU��96�&RGH
Ɣ 6XSSRUWV�0DF26��/LQX[��:LQGRZV��&8'$



ДЕ



ДЖ

'L·6KDUS����

&DQ�EH�WKH�EDVLV�IRU�\RXU�QHZ�
SUREDELOLVWLF�SURJUDPPLQJ�V\VWHPV�

&XUUHQWO\�ZRUNLQJ�RQ�D�3\3URE�
DQDORJ�LQ�)��ZLWK�VXSSRUW�IRU�33;



-RLQLQJ�WKH�FRPPXQLW\



'L·6KDUS



ЕЏ

0DFKLQH�OHDUQLQJ�
2SWLPL]HG�'HVLJQ�RI�
([SHULPHQWV��02'(�
&ROODERUDWLRQ�RI�0/�DQG�SK\VLFV�SHRSOH�DW�&(51��
3DGRYD��8&�/RXYDLQ��/LHJH��2[IRUG��1<8��5XWJHUV��
8SSVDOD��78�0XQFKHQ��'XUKDP�DQG�RWKHU�SODFHV

8VH�GL·HUHQWLDEOH�SURJUDPPLQJ�LQ�GHVLJQ�
RSWLPL]DWLRQ�RI�GHWHFWRUV�IRU�SDUWLFOH�SK\VLFV��
LQGXVWULDO�DSSOLFDWLRQV

KWWSV���PRGH�FROODERUDWLRQ�JLWKXE�LR��

https://mode-collaboration.github.io/


ЕА

0DFKLQH�OHDUQLQJ�2SWLPL]HG�'HVLJQ�RI�
([SHULPHQWV��02'(�
02'(�:RUNVKRS�VHULHV�RQ�'L·HUHQWLDEOH�3URJUDPPLQJ�IRU�([SHULPHQW�GHVLJQ

Ɣ ����6HS�������8QLYHUVLW«�FDWKROLTXH�GH�/RXYDLQ��%HOJLXP
Ɣ ������6HS�������2UWKRGR[�$FDGHP\�RI�&UHWH��*UHHFH
Ɣ $EVWUDFW�VXEPLVVLRQ�GHDGOLQH�����-XO�����

KWWSV���LQGLFR�FHUQ�FK�HYHQW���������DEVWUDFWV��

:KLWH�SDSHUV

$*�%D\GLQ��.�&UDQPHU��3�GH�&DVWUR�0DQ]DQR��&�'HODHUH��'�'HUNDFK��-�'RQLQL��7�'RULJR��$�*LDPPDQFR��-�.LHVHOHU��/�/D\HU��*�/RXSSH��)�5DWQLNRY��
*�6WURQJ��0�7RVL��$�8VW\X]KDQLQ��3�9LVFKLD��+�<DUDU��������ȉ7RZDUG�0DFKLQH�/HDUQLQJ�2SWLPL]DWLRQ�RI�([SHULPHQWDO�'HVLJQ�Ȋ�1XFOHDU�
3K\VLFV�1HZV���������7D\ORU�	�)UDQFLV����ȁ����GRL������������������������������

$*�%D\GLQ��.�&UDQPHU��0�)HLFNHUW��/�*UD\��/�+HLQULFK��$�+HOG��$�0HOR��0�1HXEDXHU��-�3HDUNHV��1�6LPSVRQ��1�6PLWK��*�6WDUN��6�7KDLV��9�9DVVLOHY��
*�:DWWV��������ȉ'L·HUHQWLDEOH�3URJUDPPLQJ�LQ�+LJK�(QHUJ\�3K\VLFV�Ȋ�,Q�6QRZPDVV������/HWWHUV�RI�,QWHUHVW��/2,���'LYLVLRQ�RI�3DUWLFOHV�DQG�
)LHOGV��'3)���$PHULFDQ�3K\VLFDO�6RFLHW\��KWWSV���VQRZPDVV���RUJ�ORL

https://indico.cern.ch/event/1145124/abstracts/


'L·6KDUS



ЕВ

0,$3E3�SURJUDP

0XQLFK�,QVWLWXWH�IRU�$VWUR���3DUWLFOH�DQG�%LR3K\VLFV��
7HFKQLFDO�8QLYHUVLW\�RI�0XQLFK

0RQWK�ORQJ�SURJUDP�LQ�'L·HUHQWLDEOH�DQG�3UREDELOLVWLF�
3URJUDPPLQJ�IRU�)XQGDPHQWDO�3K\VLFV

Ɣ 2UJDQL]HUV��/XNDV�+HLQULFK��7RUVWHQ�(Q¡OLQ��0LFKDHO�
.DJDQ��$WΕOΕP�*¾QHĠ�%D\GLQ��9DVVLO�9DVVLOHY

Ɣ %ULQJLQJ�WRJHWKHU�SUREDELOLVWLF�SURJUDPPLQJ�DQG�
IXQGDPHQWDO�SK\VLFV�FRPPXQLWLHV

Ɣ +RVWHG�LQ�0XQLFK�GXULQJ��������-XQ�����
Ɣ 5HJLVWUDWLRQ�GHDGOLQH����2FW�����

KWWSV���ZZZ�PXQLFK�LDSES�GH�SUREDELOLVWLF�SURJUDPPLQJ��

https://www.munich-iapbp.de/probabilistic-programming


ЕГ

7KDQN�\RX�IRU�OLVWHQLQJ
4XHVWLRQV"

6HOHFWHG�UHIHUHQFHV
>�@�7��$��/H��$��*��%D\GLQ��DQG�)��:RRG��,QIHUHQFH�FRPSLODWLRQ�DQG�XQLYHUVDO�SUREDELOLVWLF�SURJUDPPLQJ��,Q�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$UWLΈFLDO�,QWHOOLJHQFH�DQG�6WDWLVWLFV��$,67$76��������
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VWDQGDUG�PRGHO��,Q�1HXU,36�������
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